Cerebral haemodynamics during thoracic- and thoracoabdominal aortic aneurysm repair  by S˦ther, O.D. et al.
Eur J Vasc Endovasc Surg 12, 81-85 (1996) 
Cerebral Haemodynamics During Thoracic- and Thoracoabdominal 
Aortic Aneurysm Repair 
O. D, S~ether 1, R, Juul 2, P, Aadahl 3, T. Stromholm 1 and H. O, Myhre .1 
Departments of1Surgery, 2Neurosurgery and 3 Anaesthesiology, University Hospital of Trondheim, 7006 Trondheim, 
Norway 
Objective: To investigate cerebral haemodynamics during operations for thoracic and thoracoabdominal aortic 
aneurysms. 
Design: Prospective clinical study. 
Materiah 10 patients operated on consecutively with resection for thoracic (5) or thoracoabdominal aortic (5) 
aneurysms. 
Methods: Blood flow velocity of the middle cerebral rtery was measured through atemporal pproach using a TC Doppler 
with a 2 MHz probe. Recordings were made during induction of anaesthesia and performed continuously before, during 
and after cross-clamping of the aorta. 
Results: Following 10 min. of aortic cross-clamping blood flow velocity of the middle cerebral rtery increased from 44 to 
55 cm/s (p < 0.01). A further increase to 69 cm/s (p < 0.01) was observed 5 min after &clamping. The pulsatility index 
averaged 0.74 increasing to 1.21 (p < 0.05) at clamping and 0.87 (p < 0.05) after &clamping. 
Conclusion: There was an increased blood flow velocity of the middle cerebral artery during cross-clamping of the 
descending thoracic aorta in patients operated on for thoracic and thoracoabdominal aortic aneurysms. This increase in 
cerebral blood flow and blood volume could explain the acute increase in cerebrospinal fluid pressure observed during cross- 
clamping of the thoracic aorta. 
Key Words: Cerebral blood flow velocity; Middle cerebral artery; Transcranial Doppler; Aortic cross-clamping; 
Thoracoabdominal aneurysm repair. 
Introduction 
The technique for thoracic- and thoracoabdominal 
aortic aneurysm repair using direct cross-clamping of
the aorta without shunting or bypass was introduced 
by Crawford and colleagues. ~'2 Cross-clamping of the 
descending thoracic aorta induces dramatic pathophy- 
siological changes including decreased perfusion pres- 
sure to the distal part of the bod~ whereas cardiac 
output is generally increased. 3'4 In experimental inves- 
tigations we have found that cerebral blood flow is 
increased during aortic cross-clamping. 5'6Increased 
blood flow and blood volume of the brain could be 
responsible for the acute increase in cerebrospinal 
fluid pressure observed uring cross-clamping of the 
descending thoracic aorta. 7"8 An increased cerebro- 
spinal fluid pressure ma~ in addition to the decreased 
distal perfusion pressure, be a contributing factor for 
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the development of ischaemic sequelae of the spinal 
cord, which in turn could lead to paraplegia or 
paraparesis postoperatively. 9 
During surgery for thoracic and thoracoabdominal 
aortic aneurysms we have found indications of 
increased blood flow to the upper part of the body 
causing oedema of the head and neck. s° To our 
knowledge, investigations of cerebral haemodynamics 
during these operations have not been presented. The 
aim of this investigation was to study cerebral 
haemodynamics when thoracic- and thoracoabdomi- 
nal aortic aneurysm repair was performed during 
direct cross-clamping of the aorta. 
Material and Methods 
Ten patients operated on for descending thoracic (5) 
and thoracoabdominal (5) aortic aneurysms were 
consecutively selected for the study. Of the thor- 
acoabdominal aneurysms, one belonged to type I 
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according to Crawford, one to type II, two to type III 
and one to type IV. Two patients were operated on for 
rupture, three for impending rupture, including pain, 
whereas five were asymptomatic. The series consisted 
of eight men and two women. The mean age was 65 
years (range 50-78). 
A double lumen tube was applied in patients with 
high aneurysms to minimise manipulation of the left 
lung. Central venous pressure, pulmonary artery 
pressure and cardiac output was measured by a Swan- 
Ganz catheter inserted via the internal jugular vein. 
All patients were operated on with a combination of 
general and epidural anaesthesia. General anaesthesia 
was induced by fentanyl 0.3-0.4 mg, barbiturate 3-4 
mg/kg and pancuronium 6-8 mg for muscle relaxa- 
tion. Anaesthesia was maintained by fentanyl 0.05-0.1 
mg/h and pancuronium 1 mg/h in addition to N20 
and isofluorane. Thoracic epidural anaesthesia was 
administered through a catheter in the TH5-TH6 
interspace. A total dose of bupivacain (Marcain®, 5 
mg/ml) from 6-8 ml was given prior to surgery. 
Provided the systemic arterial blood pressure was 
kept within normal limits, 2 ml of bupivacain was 
administered every second hour, but was discon- 
tinued prior to declamping to avoid drop in blood 
pressure. 
Prior to cross-clamping of the aorta 200 ml of 
mannitol was administered mainly for protection of 
the kidneys. Sodium-nitroprusside was administered 
to a maximum of 5-10 ~g/kg/min to maintain the 
proximal systolic blood pressure at about 120-140 
mmHg during cross-clamping of the thoracic aorta. 
This dose was reduced to a minimum prior to removal 
of the aortic clamp. During cross-clamping nitrogly- 
cerine 0.2 ~g/kg/min was administered in addition to 
a small dose of dopamine; 2 ~tg/kg/min mainly for 
renal protection. 
The thoracic aneurysms were operated through a 
left thoracotomy in the 4th interspace. For the thor- 
acoabdominal procedures, a thoracolaparotomy was 
preferred and the thoracic part of the incision selected 
according to the proximal extent of the aneurysm. A
low porosity woven tube graft was applied for all 
procedures. During the thoracoabdominal reconstruc- 
tions the orifices of the visceral arteries were anasto- 
mosed to a side-hole in the graft in three patients. In 
two patients with a type I and type IV aneurysm 
respectively, the anastomosis ncluding these orifices 
were performed by the creation of a tongue of the 
graft. In this way the orifices of the visceral arteries 
with the adjacent part of the aorta was kept intact. No 
shunting or bypass were used in this series. During 
thoracoabdominal ortic resection the kidneys were 
cooled with about 400 cc of Ringer's acetated solution 
with a temperature of + 4°C containing 1000 IU of 
heparin/litre. Cerebrospinal fluid was drained using a 
16 gauge catheter introduced through the L3-L4 
interspace. A closed collecting system was used with a 
valve mechanism allowing cerebrospinal fluid drain- 
age if the pressure was increasing above 10 mmHg. 
This catheter was removed on the second post- 
operative day. 
Blood flow velocity of the middle cerebral artery 
was measured through a temporal approach using a 
transcranial TC-Doppler 62 B, EME, German39 with a 
2 MHz probe. The recordings were made during 
induction of anaesthesia and performed continuously 
before, during and after cross-clamping of the 
descending thoracic aorta. Systolic, diastolic and mean 
flow velocity were recorded and pulsatility index was 
calculated. 
Statistics 
The data are reported as mean values and range. The 
statistical calculations were based on Students t-test 
for paired data. p < 0.05 was accepted as the level of 
statistical significance. Comparison was made against 
the previous phase of the operation. 
Results 
Following 10 min. of cross-clamping of the descending 
thoracic aorta blood flow velocity of the middle 
cerebral artery increased from 44-54 cm/s (p< 0.05, 
Fig. 1). A further increase to 69 cm/s. was observed 5
rain after declamping (p < 0.01). Flow velocity record- 
ings from the middle cerebral artery before and after 
cross-clamping of the aorta are shown in Fig. 2. Prior 
to cross-clamping, the pulsatility index averaged 0.74 
increasing to 1.21 at clamping (p < 0.05), and 0.87 
(p < 0.05) after declamping. 
Before cross-clamping, mean arterial blood pressure 
averaged 88 mmHg compared to 96 mmHg during 
cross-clamping of the aorta (p>0.05). At 15 min 
following declamping a slight hypotension with a 
mean pressure of 72 mmHg was observed (p < 0.05). 
CVP averaged 10, 12 and 12 mmHg before, during and 
after clamping, respectively. Cardiac output increased 
from 5 1/min to 7.3 1/min during clamping (p < 0.05) 
and 9.8_l/rain as the maximum value 5 min after 
declamping of the aorta (p < 0.05). 
The time of aortic cross-clamping averaged 56 min 
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Fig. 1. Mean blood flow velocity of the middle cerebral artery before 
and during aortic cross-clamping and 5 min after declamping of the 
aorta during thoracic- and thoracoabdominal ortic aneurysm 
repair (mean, S.D.). *= Statistically significant difference compared 
to the previous phase of the operation. 
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Fig. 3. Pulsatility index (Vsyst-Vdiast)/Vmean of the middle 
cerebral artery before, during and after cross-clamping of the 
thoracic aorta during thoracic and thoracoabdominal aortic aneu- 
rysm repair.*= Statistically significant difference compared to the 
previous phase of the operation. 
(range 15-90) and the total operating time averaged 
218 min (range 140-295). An average of 1750 ml of 
colloids and 8470 ml of crystalloid fluids were given. 
A mean of 11 units of blood (SAG, 250 ml) was given 
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Fig. 2. Flow velocity recordings using transcranial Doppler tech- 
nique before (above) and during (below) aortic cross-clamping in a 
patient during thoraco-abdominal aneurysm repair. Note that he 
scale of flow velocity is different in the two recordings. Mean 
systolic flow velocity prior to cross-clamping was 42 cm/s and 74 
cm/s during cross-clamping. 
and at termination of the operation the mean rectal 
temperature was 34.2°C. 66.8 ml of cerebrospinal fluid 
was drained before and during cross-clamping of the 
aorta. The average volume drained in the post- 
operative period was 498 ml. This volume was 
removed uring an average period of 66 h following 
termination of the operation. 
One patient succumbed on the first postoperative 
day due to haemorrhage. This patient was operated on 
for impending rupture. Another patient, operated for 
a contained rupture, died from pancreatitis 18 days 
following operation. The patient with the longest time 
of cross-clamping developed a paraparesis necessitat- 
ing the use of a wheel-chair. In the rest of the patients, 
the operation was uneventful without major 
complications. 
Table 1. Clinical data and fluid administration during operations 
for thoracic and thoracoabdominal aortic aneurysms. The data are 
presented as mean and range 
Age (years) 
Aortic clamp-time (min) 
Total operating time (min) 
Units of SAG blood (250 ml) 
Colloids (ml) 
Crystalloid solutions (ml) 
Rectal temperature attermination of
the operation (°C) 
65 (50-78) 
56 (15-90) 
218 (140-295) 
11 (2-36*) 
1750 (0-4000*) 
8470 (3800-25400*) 
34.2 (32.3-35.7) 
*One patient succumbed because of haemorrhage and large 
volumes of blood, colloid and crystalloid solution was given during 
and immediately after operation in this patient. 
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Table 2. Haemodynamic values in patients operated on for 
thoracic- and thoracoabdominal aortic aneurysm using direct 
cross-clamping of the descending thoracic aorta. The data are 
presented as mean and range 
Baseline During After 
values cross-clamping declamping 
Systemic arterial 
blood pressure 
(mmHg) 84 (70-117) 96 (71-123) 72 (61-94) 
Central venous 
pressure (mmHg) 10 (3-15) 12 (6-18) 12 (7-20) 
Cardiac output 
(l/rain) 5.0 (4.2-6.5) 7.3 (4.3-10.0) 9.8 (8.6-10.4) 
Discussion 
Measurement ofblood flow velocity with transcranial 
Doppler technique has been compared with other 
methods, nq3 and has been documented as a reliable 
indicator of cerebral blood flow. A significant increase 
in middle cerebral artery blood flow velocity was 
observed uring cross-clamping of the thoracic aorta 
during thoracic- and thoracoabdominal aortic aneu- 
rysm repair. During cross-clamping this could partly 
have been caused by an increase in arterial blood 
pressure. However, in the declamping phase there are 
indications that the vascular resistance of the brain 
was decreased. Furthermore, cerebral vasodilatation 
could have been induced by anti-hypertensive drugs 
like Sodium-nitroprusside, but increased cerebral 
blood flow has also been observed in animal experi- 
ments independent on the use of vasoactive agents. 6 
In these experiments, however, the control cases had a 
proximal systemic blood pressure which was sig- 
nificantly higher than those who were treated by 
Sodium-nitroprusside. During surgery normotension, 
or a slight hypertension, is allowed whereas severe 
hypertension should be avoided since it may represent 
an intolerable stress to the heart. With our regimen of 
treatment, hyperdynamic cardiac function is seen and 
cardiac output was increased during aortic cross- 
clamping mainly by tachycardia, whereas the stroke 
volume was relatively unchangedJ 4 The same pattern 
as seen in elderly atherosclerotic patients has also been 
observed in an experimental model using young 
animals. 4
The increased pulsatility index observed after appli- 
cation of the aortic clamp probably reflects a decreased 
wind-kessel function of the aorta, since the volume of 
the aorta and the major vessels receiving the cardiac 
output is significantly decreased uring cross-clamp- 
ing. Increased blood flow and blood volume of the 
brain may at least partly be responsible for the acute 
increase in cerebrospinal fluid pressure observed 
during these operations. In addition to the decreased 
arterial pressure of the spinal cord, the increased 
cerebrospinal fluid pressure could contribute to the 
decreased perfusion pressure of the cord, thereby 
increasing the risk of ischaemic damage. 9 Although 
still a controversial topic, we tried to keep the 
cerebrospinal fluid pressure at normal levels during 
and after surgery in an attempt to minimise the risk of 
postoperative neurologic sequelae. Since we con- 
trolled the cerebrospinal pressure, we could not study 
the influence of this pressure on the occurrence of 
paraplegia or paraparesis. In theory both the produc- 
tion and the absorbtion of cerebrospinal fluid could 
have been changed in this period and the present 
series is too small for statistical evaluation of this 
particular problem. 
Our findings are in accordance with previous 
observations from animal experiments, where an 
increase of internal carotid blood flow, and the middle 
cerebral artery blood flow velocity was observed. Also 
an increase in the microcirculation of the cerebral 
parenchyma has been demonstrated. 5 In the animal 
studies there was a rapid decrease of cerebral blood 
flow at declamping, whereas in the present investiga- 
tion a further increase in the middle cerebral artery 
flow velocity was observed when the aortic clamp was 
released. The increase in cardiac output in the early 
declamping phase is also in contrast o findings from 
animal experiments. However, in an experimental 
model using MRI of the brain, the ventricular volume 
further decreased in the declamping period indicating 
that the cerebral vascular volume further increased 
during this period. 7It is possible that a decrease of the 
sagittal sinus pressure and cerebral tissue pressure at 
aortic declamping may increase the perfusion pressure 
during this phase of the procedure. In the clinical 
situation it is also possible that a certain time interval 
is needed to normalise the mechanisms responsible for 
reestablishment of a normal intracranial vascular tone 
after removal of the aortic clampJ 3'15'I6 
In conclusion, a significant increase in blood flow 
velocity of the middle cerebral artery during and 
immediately after cross-clamping of the descending 
thoracic aorta was demonstrated in patients operated 
on for thoracic and thoracoabdominal ortic aneu- 
rysms. This is in accordance with previous experi- 
mental investigations and supports the accumulating 
evidence that the cerebral blood flow and blood 
volume is increased during cross-clamping of the 
descending thoracic aorta. In turn, these phenomena 
could be responsible for the acute increase in cerebro- 
spinal fluid pressure observed during operations 
where direct cross-clamping of the thoracic aorta is 
applied. 
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